Teratogenic and embryocidal actions of adenine in the mouse were demonstrated
fresh water ad libitum. Nulliparous females of 10--13 weeks of age were mated overnight (17 hr) with adult males of the same strain. Copulation was established the next morning by the presence of a vaginal plug and that day was designated as day I of presumed gestation.
Inosin-5'-monophosphate disodium*(IMP) was intraperitoneally injected at a dose of 250, 500 or 1000 mg/kg (groups IMP-250, IMP-500 and IMP-1000) by weight after having been dissolved in saline solution. Hypoxanthine*(HX) at a dose of 600, 800 or 1000 mg/kg (groups HX-600, HX-800 and HX-1000), guanosine*(GR) at 750 or 1000 mg/kg (groups GR-750 and GR-1000) and 4-hydroxypyrazolopyrimidine*(HPP), a xanthine oxidase in hibitor at a dose of 50 or 100 mg/kg (groups HPP-50 and HPP-100) were intraperitoneally injected after having been suspended in 0.5 % CMC vehicle. All treatments were made at 9 AM on day 10 or 13 of gestation. The volume of the solutions injected was calculated to be 10 ml/kg of body weight. Control animals were not treated. Females were sacrificed on day 19 of gestation. The number of implantation sites and signs of death such as fetal resorption or maceration were checked in situ. Then, the live fetuses were removed from the uterus, weighed and examined for external deformities including those in the oral cavity. They were fixed in 95 % ethyl alcohol, cleared and stained with alizarin red S for examination of skeletal malformations.
* The compounds were obtained through Katayama Chemical Company , (Osaka, Japan).
RESULTS
Injection on clay 10: Results of fetal examination are summarized in Table 1 . Signi ficantly high frequency of dead offspring was found in groups IMP-1000, HX-800, HX-1000, GR-1000 and HPP-100.
Body weight of live fetuses was significantly decreased in most groups and lowest in group HPP-100. Significantly high rate of fetuses with external malformations was shown only in groups HPP-50 and HPP-100. A few insignificant cases of malformation were observed in groups where these three metabolites had been adminis tered. Skeletal observation revealed significantly high frequencies of fetuses with malfor mations in most metabolite-treated groups but not in the HPP-treated groups.
Types of external and skeletal malformations are listed in Table 2 . Several cases of limb or digital defects in the forelimbs were observed in groups treated with the metabolites.
Most of them were located in the left side. In groups treated with HPP, main defects were cleft palate and harelip. Types of skeletal malformation in groups treated with the me tabolites were fusion, deformation and absence of vertebral and rib bones. These mal formations were frequently found to be in the lower thoracic to lumbar region.
Injection on day 13: Results are summarized in Table 3 . Fetal mortality significantly increased under treatment of metabolites and HPP except for group HPP-50. Fetal body weight significantly decreased in all groups. External malformations were found in most groups, but only in group GR-1000 was the frequency significantly higher than the control. Since hypoxanthine and guanine as well as adenine inhibit xanthine oxidase (3), 4 hydroxypyrazolopyrimidine was also employed in this study as it is a potent xanthine oxidase inhibitor (4).
Chaube and Murphy (5) injected intraperitoneally inosine or hypoxanthine at 1000 or 700 mg/kg into pregnant rats on day 12 of gestation and did not find any adverse effect on pregnancy and fetuses. But in this study with mice, these metabolites as well as guanosine were all teratogenic when comparable doses of each compound was similarly injected either on day 10 or on day 13 of gestation.
Compounds examined in this study can be classified into three categories according to effects on developing mouse embryos : 4-hydroxypyrazolopyrimidine affected embryos differently from metabolites in terms of types of abnormalities, consequently, teratogenic action of the metabolites may not be related to their action as an inhibitor of xanthine oxidase. With respect to the action of the metabolites, classification into two categories may be possible; the effect of inosine-5'-monophosphate disodium was different from that of hypoxanthine and guanosine in terms of external malformations and subcutaneous hematoma. In skeletal defects induced by inosine-5'-monophosphate disodium a "ceiling effect" was shown when given on day 10. In groups treated with other metabolites, however, a dose-effect relation was clearly demonstrated.
The effects of hypoxanthine and guanosine on developing mouse embryos found in this experiment were similar to that of adenine which also induced left forelimb defects (6), vertebral and rib malformations (1), cleft palate, digital defects and subcutaneous hematoma (2) . Considering that a large dose of adenine results in nephrotoxic effects on adult rats by formation of sparingly soluble 2,8-dioxyadenine (7-9), while guanosine is presumed to have no such effect, teratogenic effects of both compounds may not be related to this toxicity in the maternal kidney.
SUMMARY
Purine metabolites inosine-5'-monophosphate disodium (IMP), hypoxanthine (HX), guanosine (GR) and 4-hydroxypyrazolopyrimidine (HPP), a xanthine oxidase inhibitor, were each intraperitoneally injected to female mice on day 10 or 13 of gestation. Pregnancy was terminated on day 19 of gestation and fetuses were examined for external and skeletal abnormalities as well as embryonic deaths. Noted were the following : 1) All purine me tabolites were embryotoxic and teratogenic inducing mainly vertebral and rib malformations, when large doses were administered on day 10 of gestation. 2) HPP was far more embryo toxic than purine metabolites when given on day 10. Malformations were mainly harelip and cleft palate. 3) When injected on day 13, HX and GR caused embryonic deaths and malformations such as cleft palate and digital defects as well as subcutaneous hematomas, whereas IMP resulted in embryonic death. 4) HPP was also embryotoxic and teratogenic when injected on day 13. The types of malformations were quite different from those observed with FIX and GR in that HPP induced high frequency of waved ribs and bent long bones.
